Introduction
Total hip arthroplasty (THA) is an established procedure for the treatment of coxarthrosis and many other pathologies. Factors important for the functional success and duration of the implant are: -Stem stability (particularly regarding rotation) -Cup stability -Wear of materials -Reconstruction of the rotational center.
To focus on one of the critical issues is an excellent strategy to isolate the variables and have precise scientific information. However, in order to maximize the general clinical performance, all the critical issues should be addressed.
The stability of both the cup and the stem, where most of the possible problems converge as primary failure mode, is the result of many synergic factors. As far as the primary mechanical stability of a non-cemented system is concerned, geometry and press-fit are the key parameters, while porosity, material and surface treatment affect the osteointegration and, therefore, the medium-to long-term stability. The wear of material is an even more complex problem. It not only can affect the long-term stability of the implant, but also may cause postoperative complications (e.g. metallosis, periprosthetic inflammation).
standard; since 2004, after introduction of the lateralized design, 108 stems were standard and 96 were lateralized. The characteristics of the sample are shown in Table 1 .
Duofit prosthesis
The Duofit stem is a straight, non-cemented stem of titanium alloy (Ti6Al4V). The proximal part has a vacuum plasma spray coating of pure titanium (RTT300). The 300-μm coating presents an average porosity of 30% with an average pore dimension of 60 μm. The stem has an ovoid proximal section that becomes elliptical in the distal part (Fig. 1) . The CCD angle is 135°in the standard version and 125°in the offset version. The stem is available in 8 sizes, ranging from 115 to 165 mm length. Offset and vertical drops of stem vary according to the combination of stem size and CCD angle.
The cups present the same coating as the stems, with or without lateral stabilizing wings. The axial section is elliptic, in order to obtain the best press fit. All the models are provided with two or three blunt-edged holes for the screws, with diameters ranging from 44 to 70 mm.
The articular heads we used are made of Co-Cr-Mo alloy, high nitrogen degree, stainless steel, or ceramic ( Table 2 ). The metallic heads have 5 different lengths of the Morse cone housing, allowing a fine regulation of the position of the centre of rotation within a range of 14.5 mm, and a diameter of 28 mm. The ceramic heads are available in 3 sizes with a diameter of 28 mm and in 3 sizes with a diameter of 32 mm, all of them with 3 different neck lengths.
Surgical procedure and follow-up
The surgical approach was straight lateral according to Hardinge [11] . Anti-thromboembolic prophylaxis started the evening before surgery with low molecular weight heparin (LMWH) and was continued for 30-40 days. The post-surgical course foresaw some active movements of the lower limbs starting the first day, the use of a spanner pillow and immediate load. Patients were clinically and radiologically investigated before surgery, after surgery and for up to 11 years using the Harris hip score and evaluating the stem position and the presence of spot welds, heterotopic ossification, and radiolucent lines. Two cases of aseptic mobilization were recorded, both associated with nickel allergy. There were 10 cases of infection (1.5%) of which 3 were deep and 7 were superficial. There were 22 cases of early dislocation (within 3 months) and 3 cases of late dislocation. Radiographic controls, performed 6, 12, and 24 months after surgery and up to 11 years of follow-up, showed 8 cases of radiolucency around the stem and none around the cup. When the lateralized stem was used, we observed an interesting improvement in some clinical findings (Table  3) , such as smaller leg-lenght discrepancy, greater ROM, earlier functional recovery, and lower rate of early dislocation. However, the small size of the sample does not allow any statistical inference.
Discussion
As stated earlier, the relevant factors for the functional success and duration of an implant are stem stability, cup stability, the wear of materials and the reconstruction of the rotational center, with a high degree of correlation among these factors.
The rotational stability of the implant is mainly determined by its geometry, and namely by the shape of the section orthogonal to the stem axis (Fig. 2) . The angle of opposition to the rotation of the stem is the angle α between the vector of the reaction forces R in the point B of the section and the line from B to the centre of rotation A. Neglecting the friction forces, the reaction forces at the surface of the stem are perpendicular to the surface by definition. Thus, as α increases, T (the efficient component of R) increases accordingly. Considering only the kinds of shapes viable to our purposes, in presence of equal T components, the rectangular one gives the smallest R, thus allowing a minimum stress on the bone structure; however, it determines a concentration of stresses on the corner. On the other hand, a circular section opposes no resistance to the rotational motion, thus generating no concentration of stresses at the bone-implant interface.
A compromise is the ellipse shape (Fig. 2) , which ensures a reliable resistance to the rotational motion and an optimal distribution of stresses at the bone-plant interface.
Matching the elliptical with the wedge shape, which increases the transversal stability, the ovoid shape is obtained (Fig. 3) . As shown in Figure 1 , the Duofit stem has an ovoidal shape in the cross section and a wedge shape in the axial section, which can maximize the stability in both directions. Also in the case of the cup, geometry is a critical factor to obtain a good press fit and a good primary stability. A hemispherical shape tends actually to interfere with the acetabular bone in the polar zone of the 119 Ability to walk 2 km 43 (7.7) 10 (11) (within 3 months), n (%)
Step-after-step stair 29 (5.2) 8 (8.8) climbing without tutor (within 3 months), n (%) Early dislocations, % 25 0 Fig. 2 Angle of opposition to rotation of the stem cup itself. This may prevent the complete insertion of the cup in the acetabulum, resulting in a poor mechanical stability of the implant (Fig. 4) . On the contrary, an elliptical shape of the axial section of the cup (as with the Duofit cups) ensures its full insertion in the acetabulum; the mechanic contact with the bone is equatorial (instead of polar), allowing a much stronger primary stability. When it was not possible to obtain a sound press fit, due for instance to dysplasia or osteoporosis, the winged cup or the screw fixation of the standard cup turned out to be effective solutions.
The wear of materials is one of the main causes of failure in the hip arthroplasty implants. Wear effects occur primarily at the head/insert and cup/insert interfaces. Beside the nature of the materials employed, studies have shown that the most influencing factor in the wear mechanism is the femoral offset [7, 8, 12 ].
Let's consider the following three definitions (Fig. 5 ): 1. The center column diaphysis (CCD) angle is the angle between the diaphysial axis and the femoral neck axis; 2. The femoral offset is the distance between the femur diaphysal axis and the center of the joint. 3. The lever arm of the abductor muscles is the distance between the tangent to the greater trochanter and the center of the joint [13, 20] . The femoral offset directly affects the lever arm of the abductor muscles, and the wear rate consequently. In the monopodalic standing, in fact (Fig. 6) , the center of gravity moves towards the hanging leg, and the momentum on the femoral head of the body weight force is balanced by the abductor muscles, which lever arm PF is much smaller than that of the body weight FR. Therefore, in order to keep the balance, the muscular force must be a multiple of the body weight. Eventually, the combined effect of the muscles and the body weight results in a composite force, which is about four times the body weight. It is evident that, if the abductor lever arm FR increases, the force of the abductors, which is needed to balance, decreases accordingly, with positive effects against the wear of the materials at the joint [7, 24, 25] .
Sakalkale et al. studied 17 patients with side-by-side prostheses [7] and 66 patients with single prostheses [8] , using standard (135°) and lateralized (125°) stems; the average linear wear rate was 0.10 mm/year for lateralized stems (group I) and 0.21 mm/year for standard stems (group II) [7] ; 0.10 mm/year for closely reconstructed offset (group I) and 0.26 mm/year for reduced offsets (group II) [8] . The Harris hip score improved from 33 to 87 for group I and from 34 to 88 for group II, while the failure rate, due to aseptic mobilization induced by polyethylene debris in all cases, was 2.5% in group I and 8.6% in group II [8] .
At a fixed vertical drop, a poor reconstruction of the offset implies a laxity of the soft tissues that, along with a misplacement of the implant, the impingement of the osteophytes and the hyperactivity of the patient, is one of the possible causes of an early luxation. Many authors [1, 2] studied the value of the anatomic offset. Massin et al.
[1] reported a mean offset of 41 mm (SD=6 mm) in 200 cases, while Noble et al. [2] observed a mean offset of 43 mm (SD=7 mm) in 100 cases. These considerations led to the development of lateralized stems with CCD angles of 125°, like the Duofit lateralized stem used in this study.
In the pathological hip, characterized by an alteration of the joint geometry, there is a natural proclivity to the medialization of the femur that the prosthetic implant must correct in order to enhance the tension and the efficiency of muscles.
This correction can be obtained by means of technical expedients or particular prosthetic stems that allow recovering the correct inclination and length of the natural healthy femur neck, the femoral offset and the muscles lever-arm.
The reported series seems to show that the Duofit THA is an effective and versatile prosthetic system, capable of good medium-to long-term survival and of fine restoration of the hip geometry thanks to the availability of both standard and extended offset stems. Even if the extended offset stem seems to be associated with faster functional recovery, further investigations are needed to completely assess the eventual advantages.
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